INTRODUCTION
The twin-screw extruder is one of the important equipment in producing and processing the high polymer materials, and it has been more and more widely used in engineering. As one of important parts in the twin-screw extruder, the gear box has the functions of making the motor slow down and distributing the power on average. The tooth wear of gear may result in tooth broken, and lead catastrophic breakdown of the twin-screw extruder. In order to avoid the occurrence of gear tooth broken, vibration signal analysis is widely used in gear condition monitoring and fault diagnosis (Zheng et al., 2002) . Usually, depending on machine operating conditions and severity of defects, the measured vibration signal is always non-stationary (Bartelmus et al., 2009) . A non-stationary signal is usually assumed to be local stationary and its processing is based on the classical theories and techniques for stationary signals. Windowed Fourier transform is a typical example based on such an assumption. Wavelet transform is a timescale method, which can zoom in or out on the time and frequency scales of a signal adaptively.
However, the wavelet basis function must be chosen definitely before it is used, so it cannot be changed adaptively according to the oscillations of the signal at different time. An inappropri-677 ate wavelet will overwhelm the local characteristic of vibration signal, and lost some useful detail information of original signal.
Hilbert-Huang transform (HHT) is a powerful tool to analyse the composite, nonlinear and nonstationary signal. HHT is based on the local characteristic time scale of signal and can decompose the complicated signal into a number of intrinsic mode functions (IMFs), each of which is band limited and can represent the features of signal and reserve the local information. The frequency families can be separated effectively according to the signal characteristics and describe the signal in joint time frequency analysis. The instantaneous frequency and the instantaneous energy distribution of signal can be computed, which can offer clearer frequency decomposition than the traditional Fourier spectrum.
HILBERT-HUANG TRANSFORM ANALYSIS
HHT comprises empirical mode decomposition (EMD) and Hilbert spectral analysis. EMD decompose a signal in terms of intrinsic oscillatory modes that are termed IMFs. Any signal consists of different simple intrinsic modes of oscillations and can be decomposed into a finite number of IMFs, each of which must satisfy the following definition (Huang et al., 1998) : 1) In the whole data set, the number of extrema and the number of zero-crossings must either equal or differ at most by one. 2) At any point, the mean value of the envelope defined by local maxima and the envelope defined by the local minima is zero. With the definition, the EMD algorithm is called sifting process and involves the following steps: 1) Identify the envelopes defined by the local maxima and minima of the signal ) (t x , and interpolate the locus of all local maxima of ) (t x through a spline approximation, and constructing an upper envelope of the signal, similarly interpolate the locus of all local minima of ) (t x thus creating a lower envelope of the signal. 
With this definition, we can have an analytic signal as:
Where: 
Hilbert time-frequency spectrum of the original signal can be expressed as:
Where, T is the sampling length of the signal. 
The experimental evaluation
The gear tooth wear is common faults in twin-screw extruder. In order to verify the validity of the proposed method, the gear tooth wear was conducted on a gearbox in twin-screw extruder. The 
